Abstract. Benggu YI, Nguru ESO. 2018. The tolerance level of local sorghum genotypes from Sabu-Raijua and Belu Districts, Indonesia to saline soil. Trop Drylands 2: 1-4. A study aimed to determine the level of tolerance of local sorghum from Sabu-Raijua and Belu Districts to saline soil had been conducted in the experimental field and soil chemistry laboratory of Agriculture Faculty, Universitas Nusa Cendana, from June to October 2016. The study was designed in a factorial treatment design laid out in a completely randomized design with 15 treatments and three replications. The first factor was the variety of sorghum, consisting of three levels: local sorghum from Sabu-Raijua, local sorghum from Belu, Numbu variety. The second factor was the salinity levels of Vertisol, composed of five levels, i.e., 0, 6, 8, 10 and 12 mmos.cm -1
INTRODUCTION
The dryland agricultural ecosystem is one of the agricultural prospected resources in Province of East Nusa Tenggara (Nusa Tenggara Timur; NTT), Indonesia with a semi-arid climatic type that is characterized by erratic and limited rainfall, high temperature and the sloppingdominant topographical area. Under these conditions, one of the main problems is the existing saline soil, because the amount of precipitation and surface water is not enough to wash out the salt from the topsoil. Saline soil in the context of crop cultivation, is soil which has DHL > 4 mmos.cm -1 and soil pH < 8.5 at 25C (Tan 1998) . The main influence of salt solution on plants is high osmotic pressure in the plant cell (internal), making it difficult to absorb water and nutrients for the plant growth.
In Indonesia, the saline soil is known to be mostly present in NTT Province, especially on the island of Timor (Darmawijaya 1990 ) and the distribution of saline soil is formed in large coastal areas (Kleden 1995 in Batha 2003 . The influence of salinity has become increasingly serious, both in the context of intensity and extensification, due to global warming that causes sea levels rise. As a result, most of the productive agricultural lands, especially those located in the coastal zone, will be affected by salinity.
Utilization of agricultural land affected by salinity, can be done through various approaches such as leaching out the salt using irrigation water and drainage improvement, destroying soil surface to facilitate salt leaching, using gypsum to exchange sodium ion with calcium in the soil, using organic fertilizers to improve soil structure and percolation, as well as using plants that are tolerant or semi-tolerant to salinity (FAO 1985) .
The development of sorghum cultivation in NTT Province has been hampered because the government displaced this crop with other cereal commodities such as corn and rice through intensification and extensification programme. In 2013, the Agency for Agricultural Research and Development released 11 superior varieties of sorghum to be developed in Indonesia, including NTT as one of the regional development of sorghum in eastern Indonesia. In the dryland agricultural community of NTT, sorghum has traditionally been one of the preferred cultivated crops. It is one of the relatively adaptive cereals to marginal growth factors, i.e., low soil fertility and water availability, as compared to other cereal crops such as rice and maize. Sorghum is known to have resistance to drought with water requirements of 300-400 mm during the growing period, resistant to water logging and high salinity and aluminum poisoning (House 1985; FAO 2001; Siregar et al. 2016) . Also, the nutritional composition of the sorghum grain is not substantially different from corn and rice, making it as an alternative of substituting commodity.
To utilize saline soil in dryland agricultural ecosystems through the cultivation of tolerant and semi-tolerant plants, including sorghum, it is necessary to identify and to determine the species or varieties of sorghum that are tolerant to salinity. There are various types of local superior sorghum varieties with different genotypes recommended to be developed in NTT Province. This type of local sorghum can be regarded as one of the local biological resources demanding to be maintained and improved, as it is a type of sorghum that has been well adapted and proven to exist for long periods in the typical dryland ecosystem of NTT, and this is the side of comparative advantage. The local sorghum from Sabu-Raijua, Terrae meddi, for example, has distinctive features such as the size of stems, leaves, large panicles, dark brown and mild orange seed, and flat oval-shaped seed. The agroecosystem condition in this region is dry and hot, average annual rainfall of 1,290 mm, average wind speed of 8 knots, and 86.5% of solar irradiance (BPS Sabu-Raijua 2013). The local sorghum from Belu, Batar ainaruk, has an oval-shaped dark brown seeds. Belu has an annual rainfall of 1,127 mm, average wind speed of 6 knots and 80% of solar irradiance. Some areas in Belu have altitudes of up to 380 m above sea level (BPS Belu 2012). The present study was carried to determine the tolerance level of these local sorghum genotypes to saline soil.
MATERIALS AND METHODS
This research has been carried out in the experimental field, and Soil Chemistry Laboratory, Faculty of Agriculture, Universitas Nusa Cendana, Kupang, Indonesia from June to October 2016.
This experiment was arranged in a Completely Randomized Design with a factorial treatment design consisted of two factors, i.e., Local sorghum genotypes and level of soil salinity; each comprised of three replications. The first factor consisted of three sorghum genotypes, i.e., (S1): Local sorghum from Sabu-Raijua District, (S2): Local sorghum from Belu District, and (S3): the national check variety Numbu. The second factor consisted of five salinity levels, i.e., (G1): 0 mmos.cm -1 , (G2): 6 mmos.cm -1 , (G3): 8 mmos.cm -1 (G4): 10 mmos.cm -1 (G5): 12 mmos.cm -1 . Sorghum seeds were planted in the polybags according to the assigned treatments. It was done by immersing 3-5 seeds into the soil. At two weeks after planting (WAP), the seedlings were thinned out leaving only one plant per polybag. Watering was done homogeneously. The amount of water given was based on the plant water requirement while keeping the soil salinity level relatively unaffected. Weed, pests, and pathogens were controlled as needed.
Analysis of Variance (ANOVA) was performed to analyze the sorghum's tolerance response to salinity treatments. The following variables were observed: plant height, number of leaves, flowering date, and dry seed weight. The means of the different treatments were compared using Tukey Test (Montgomery 2012) .
RESULTS AND DISCUSSION
In general, all sorghum varieties grew well on saline Vertisol soil. All seeds germinated and grew well with relatively normal and fairly good seedlings. The ability of sorghum seeds to germinate and grow into seedlings, presumably as a result of irrigation that was regularly (daily) provided homogeneously through surface precipitation. The water leached the salt on the surface layer, moving it toward the bottom layer due to water gravity. As a result, there was a decrease in the level of salinity of the surface zone, to a level of salinity that still allowed the seeds to germinate. A similar result was stated by Hasanah et al. (2010) that dissolved salt in the soil at the beginning of the planting did not affect the further growth of the plant due to leaching caused by watering/irrigation.
In subsequent developments, there was an inhibition of the sorghum growth and its effects significantly varied depending on the different salinity level treatments. Even before the plants were entering the generative phase, characterized by the formation and development of panicles, some sorghum genotypes became dry (permanently wilted) and died, especially those treated with high salinity levels (10 and 12 mmos.cm -1 ). This condition occurred due to the root penetration reached the accumulated layer of salt in the middle and bottom of the growing medium. The effects of salinity stress observed in the present study was similar to the effects of drought, where the plants grown in saline soil will react by showing permanent wilting symptoms and then dried out.
ANOVA analysis showed significant interaction effect between sorghum genotype and salinity level on plant height and number of sorghum leaves. The results showed that salinity level treatments markedly determined variations of plant height and number of leaves. The ANOVA results for plant height and number of leaves at eight weeks after planting (WAP) are presented in Table 1 while the mean of plant height and the number of leaves are presented in Table 2 . Table 2 shows that the plant height and the number of sorghum leaves decreased along with the increase of soil salinity. In all sorghum genotypes, plant height and the number of leaves were higher when sorghum plants were grown in soil with a salinity level of 0 to 8 mmos cm -1 as compared to that of 10-12 mmos cm -1 . The decrease in plant height and the number of leaves in the soil with a salinity level of 10-12 mmos cm -1 may be one of the mechanisms of the plant to tolerate the presence of salt by reducing the growth components that in turn will decrease the transpiration rate (Hasanah 2010) . All plants were dead at a salinity level of 12 mmos cm -1 . It is most likely that the toxic effects of salt-generating ions and the high pressure of osmosis media causing the plants could not be able to absorb water properly.
ANOVA results showed significant interaction effect between sorghum genotype and salinity level on the flowering date and dry seed weight of sorghum. It showed that variations of flowering age and dry seed weight were markedly determined by the salinity level treatment. The ANOVA results for flowering date and dry seed weight can be seen in Table 3 . The mean of flowering date and dry seed weight are shown in Table 4 . Table 4 demonstrates that the flowering date of local sorghum from Belu was not much affected by the salinity level treatment. The longest flowering date of tested sorghum genotypes was observed on plants grown at a salinity level of 12 mmos cm -1, which differed significantly (P<0.05) from that of the control (without salt treatment). Local sorghum from Sabu-Raijua was able to achieve their generative stage when they were planted on soil with a salinity level of 0-6 mmos cm -1 , however, at higher salinity levels, the plants died before reaching their generative phase. Furthermore, all flowering plants were also gradually wilted and died without producing seed. The flowering date of Numbu grown on soil with salinity levels 6-8 mmos cm -1 was significantly shorter than that of the control treatment, but at a higher salinity levels, the plants died before reaching their flowering stage.
Local sorghum from Belu grown on Vertisol with salinity levels of 6-8 mmos cm -1 produced significantly (P<0.05) lower dry seed weight as compared to control. None of the plants of this sorghum genotype was observed to produce seed when they were grown at salinity level above 8 mmos cm -1 (10-12 mmos cm -1 ). Thus, it can be stated that the local sorghum from Belu has a moderate level of salinity tolerance. Local sorghum from SabuRaijua did not produce seed at all. After flowering, the plants of this genotype gradually dried out permanently and died before producing seed. Therefore, it can be stated that the local sorghum from Sabu-Raijua was susceptible to saline soil. Meanwhile, the Indonesian released superior variety Numbu exhibited a moderate level tolerance to saline soil. This sorghum variety was able to grow and produced seeds up to the level of salinity 8 mmos cm -1 .
Based on the present research findings, we concluded that: (i) Salinity level and sorghum genotype significantly affected the plant height, number of leaves, flowering date and dry seed weight of sorghum. (ii) Local sorghum from Belu and Numbu variety were moderately tolerant to saline soil. (iii) Local sorghum from Sabu-Raijua was susceptible to saline soil.
